Objective. There are no qualitative studies of sleep in gout; the aim of this study was to examine the impact of gout on sleep.
Introduction
Gout is the most common inflammatory arthritis in the adults. It affects 8.3 million Americans [1] . Sleep disturbances have been noted in patients with RA, a chronic inflammatory arthritis similar to gout [2, 3] . Recent observational studies have linked gout to sleep problems, including sleep apnoea. A clinical study of a UK primary care database showed an independent association of gout with overall sleep problems and sleep disorders other than sleep apnoea, and possibly sleep apnoea [4] . In comparison with patients with OA and sleep apnoea, those with gout had more severe forms of sleep apnoea [5] . A pre-clinical study showed disruption of rapid eye movement (REM) sleep, more wakefulness and reduction of total sleep time in animals after an intra-articular injection of uric acid in mice knees that provoked acute gouty arthritis [6] . These observational studies provide the initial evidence of a link between gout and sleep disorders.
While quantitative studies are suggestive that sleep disorders occur with a higher frequency than expected in patients with gout, several knowledge gaps are evident. From a patient perspective, there are several unanswered questions: does gout lead to or contribute to sleep problems? What is the link? What are the underlying mechanisms? Are all sleep problems in gout related to acute gout flares? Is the association reverse, that is, do sleep disorders increase the risk of gout? Qualitative studies can provide unique insight into this.
A Pubmed search on 7 February 2018 using the terms gout and sleep found 56 publications. Most were descriptive or observational studies, and the key studies are summarized in the section above. There were no qualitative studies of gout and sleep. In a recent qualitative study of 62 patients with gout that examined the impact of gout on quality of life (QoL), sleep disruption ranked high among patient concerns with gout's impact on life, indicating that sleep was one of the key aspects of life impacted by gout [7] .
To date, most qualitative research in gout has focused on examining knowledge related to gout, patterns of treatment and barriers to treatment adherence [810] , or physician perspective, views and experience [8, 9, 11, 12] . Few qualitative studies have focused on the impact of gout on QoL [10, 1315] . Most studies assessed multiple aspects of gout and included few, if any, African-Americans or women with gout, who have worse quality gaps in gout care than their counterparts [16] . Thus, in-depth studies assessing the impact of gout on sleep are lacking.
Therefore, the objective of this study was to assess the impact of gout on patients' sleep, considering all aspects of sleep. In this study, African-Americans and women were oversampled in order to get a diverse patient perspective.
Methods

Study sample
Consecutive patients with at least one outpatient visit for gout between January 2016 and February 2017 to a community-based outpatient clinic affiliated with the University of Alabama at Birmingham (UAB), Birmingham, AL, USA, identified with an International Classification of Diseases, ninth revision, common modification code for gout (274.xx), were invited. Due to the under-representation of African-Americans and women in qualitative research in gout, they were oversampled in this study. Study participants received free parking, refreshments during the session and a $30 check. The University of Alabama at Birmingham's Institutional Review Board approved this study and all investigations were conducted in conformity with ethical principles of research. The need for written informed consent was waived by the Institutional Review Board and patients provided verbal informed consent to participate.
Nominal Group Technique sessions and analyses
Patient nominal group sessions lasting 11.5 h to understand the impact of gout on sleep were conducted. The study primary investigator (J.A.S.) drafted the study question with four potential formulations and shared it separately with other physicians and researchers, and patients with gout, at the UAB gout clinic. An iterative process that included several discussions with various stakeholders led to the final study question: in what ways is your sleep influenced by your gout? The study primary investigator (J.A.S), with extensive experience in conducting nominal groups [17, 18] , conducted the Nominal Group Technique (NGT) sessions. Each session started with introductions (first name, duration of gout diagnosis and current occupation), followed by asking the participants if the main question was clear and if they had any questions about it before starting the NGT meeting. All patient queries related to the study question or the study were answered before the start of the NGT session. The main question was written on a flip chart and printed on top of a blank sheet of paper provided to each participant. An administrative assistant recorded and fully transcribed the discussions (Diana Florence) and a research assistant (Candace Green), took notes during NGT.
The NGT is a variant on a traditional focus group that taps the experiences, skills or feelings of the participants by promoting an even participation, and has been used successfully in a variety of medical conditions [1925] . While a focus group is well suited to understand the breadth of an issue, a nominal group is more suited for an in-depth examination of a question. NGT methods aim at developing an inclusive list of issues related to a specific question followed by soliciting feedback on the relative importance of this list using a rank-ordering procedure [22, 26] . Thus, the data generated from a nominal group are more representative of the implicit views of the group than would be achieved with a focus group.
The NGT process consisted of the several discrete steps. First, the NGT participants briefly and independently generated as many words or short phrases as possible in response to the question on a sheet of paper. Participants then nominated a single response each in a round-robin fashion, which were recorded on a flip chart by the NGT moderator (J.A.S.), in large letters visible to the group participants (indicated by capital letters A through Z, as applicable); responses were nominated until all responses identified by any participant were recorded. Once the list of responses was completed, the participants discussed and elaborated each response, and where appropriate combined responses that seemed to be very similar. Finally, all participants identified and rank-ordered the three responses deemed most important from 1 to 3 on index cards, 3 being the highest rank. A rank-order was created for each nominal group based on total scores, with highest score corresponding to the top rank.
The number of nominal groups identifying responses with high relative rank ordering was analysed. Transcriptions were examined to identify all statements made relative to each response (discussions directly connected, solutions generated, etc.) and led to the creation of a comprehensive list of statements. To ensure that nominal groups were performed until saturation, as groups were completed, responses were compared with determine overlap. When significant overlap was noted, saturation was confirmed.
Results
Study participant characteristics
Nine nominal groups with 46 gout patients were conducted. Of these, 63% were men and, 46% AfricanAmerican. Specifically, there were 7 non-Hispanic White men, 15 non-Hispanic White women, 9 African-American women, 12 African-American men, 1 Asian/Pacific Islander man, 1 Asian/Pacific Islander woman and 1 Hispanic man. The diagnosis of gout was confirmed for each patient by patient self-report of a physician diagnosis of gout before starting the nominal group discussion; most patients (>90%; three did not respond) reported the use of urate-lowering therapy (ULT) or colchicine. The mean age was 60.9 years (S.D. 10.6), 46% had a college degree, 52% were married and 46% were retired (Table 1) . Of these, 63% were on allopurinol with or without colchicine, pain medications or prednisone, 15% on febuxostat, 4% on both allopurinol and febuxostat and 9% on colchicine only. Almost two-thirds were using natural supplements and 36% had no gout flares in the last 6 months.
Three nominal groups consisted of all men, and one consisted of five women and one man (female predominant). Saturation of themes was achieved. Patient age and gout duration did not differ significantly by race/ethnicity or gender: Whites vs African-Americans, 62.9 (S.D. 11.0) vs 61.8 (5.2) and 17.9 (11.6) vs 12.3 (9.3) years; men vs women, 60.1 (11.8) vs 62.3 (8.4) and 17.0 (11.1) vs 11.2 (9.5) years, respectively.
Themes from the qualitative study Several themes emerged, identified by capital letters A through H, with patient statements listed under the respective theme that they map to. The top themes/concerns from each group are listed in Table 2 and detailed in  supplementary Table S1 , available at Rheumatology online. In the section below, the top concerns nominated by at least one nominal group are listed. We divided the themes from nominal groups into the following categories: the character of sleep interruption; the causes of sleep interruption; and the consequences of sleep interruption.
The character of sleep interruption due to gout
A. Severe and complete sleep interruption by severe gout flare pain All nine groups listed this among their top concerns. Gout flare(s) were associated with severe pain that: kept people from getting enough sleep (hard to fall sleep, hard to stay asleep); kept them up intermittently during the night (the worst pain of our lives); woke them up in the middle of the night (acute onset of severe flare pain waking them up) (like an alarm going off); required frequent use of medications to relieve pain that wore off every few hours; Each patient voted 3 points to the highest rank, 2 points to the second highest and 1 point to the third highest rank. In most cases, the number of total votes is the number of patients Â6. Major statements that map to the main themes indicated by a capital letter are not in sequence, since they were ordered by the #votes and some ideas were combined with other broader ideas; see Supplementary table available at Rheumatology online. for more details. M; male; F: female.
disrupted sleep for several nights in a row; was associated with heat that was unbearable; and worsened with air movement.
E. Unable to achieve REM sleep due to gout flares and chronic gout
One patient group listed this among their top concerns. Patients described that they had difficulty reaching and maintaining REM sleep and/or deep sleep during gout flares, but also between gout flares.
The causes of sleep interruption due to gout B. Not able to get in a comfortable position during gout flare and unable to fall and stay sleep
Six groups listed this among their top concerns. Gout flare interfered with the ability to get the affected joint and the body in a comfortable position, which interfered with the ability to fall and stay sleep. Patients felt that this was due to: the need to keep re-positioning the body every few minutes; the need to use many pillows to prop up the foot to get comfortable; inability to use the sheets, since it hurt to even let the sheet touch the joint with flare; inability to lay on the side that has an affected joint with a flare; the need to sit up in a chair or sleep in a recliner the whole night sometimes; and requirement to keep adjusting the air-conditioning to get comfortable during the gout flare.
C. Anxiety and depression associated with severe pain during a gout attack/flare interfering with sleep
This was among the top concerns in seven nominal groups. Patients were not able to get to sleep during acute gout flare due to severe pain-associated anxiety, depression, stress and irritability. They expressed frustration with self-management not working and figuring out what caused the flare. Many described gout flare causing the mind to shut down and leading to the depletion of emotional energy, that is, mental exhaustion, or mental trauma. Patients experienced fear of pain of flare and many were crying due to severe flare pain. Patients also reported stress and anxiety with anticipation of acute attacks and worrying if a flare would hit them unexpectedly.
D. Sleep interruption by moderate chronic joint pain due to gout, not related to flares
Three patient groups listed this among their top concerns. Patients reported chronic joint pain due to gout that affected them every day, not just during gout flares. Patients indicated that this joint pain was a 5 or 6 on a 010 scale, and not nearly as bad as the flare pain (which was a 9 or a 10 on 010 scale). Patients indicated that they could control this chronic joint pain with medication self-management, in contrast to flare-associated pain, which never responded very well to self-management.
G. Frequent bathroom trips during gout flares interfering with sleep
Three patient nominal groups pointed out that they thought that gout made their urinary incontinence worse, which led to frequent trips to the bathroom. Additionally, frequent bathroom trips during the flare made the flare pain even worse and interfered with sleep. The need to drink a lot of water to stay hydrated for their gout, led to frequent trips to the bathroom at night.
H. Gout medication side effects interfering with sleep
Four patient nominal groups said that medications for the treatment of gout were associated with side effects that interfered with sleep. In particular, gastrointestinal side effects of colchicine including gastrointestinal discomfort, stomach cramps, frequent watery bowel movement and nausea/ vomiting interfered with sleep. Other side effects that interfered with sleep included headache with colchicine, stomach upset with indomethacin, fatigue and drowsiness with prednisone (corticosteroid) and headache with allopurinol.
I. Frequent trips to the emergency room
One patient nominal group described that gout flares led to frequent trips to the hospital emergency room, which interfered with sleep.
J. Joint swelling with physical/functional deficit interfering with sleep
Two patient groups described that the joint swelling associated with gout flares led to significant discomfort and pressure in their joints that interrupted their sleep. Finger swelling interfered with hand function during night, such as holding the pillow or covers, which disrupted sleep.
K. Gout flare pain worsening sleep apnoea and its management
Two patient nominal groups expressed that gout flare pain made them less compliant/adherent in using the continuous positive airway pressure machine for sleep apnoea, as it led to difficulty in body positioning that they required for using the machine. Gout flares also led to sleeping in a recliner rather than in bed, which made the continuous positive airway pressure machine less effective and led to more snoring, which interrupted their sleep.
The consequences of sleep interruption due to gout
F. Interrupted sleep due to gout affecting daily functioning
Two groups ranked this among their top concerns. Patients mentioned that gout flare led to multiple nights without sleep, that they were fighting the sleep issues constantly due to their gout flares. This frequently led to the inability to function in the morning, and relatively easy tasks such as making coffee in the morning were difficult.
L. Worsens other health conditions, which then affect sleep
Four patient nominal groups reported that other heath problems due to gout, such as worsening of blood pressure leading to headaches or feeling nauseated, and increased sweating or feeling feverish due to gout flares, affected their sleep.
M. Cumulative effect of gout flares on sleep
One patient nominal group expressed that the impact of gout flares on sleep disturbance has gotten worse over https://academic.oup.com/rheumatology time, that is, there was a time element to the impact of gout-associated sleep disturbance, in both quality and quantity.
Gender differences in the impact of gout on lives of patients On exploration, there were no impressive differences by gender. A minor difference was that chronic gout pain interfering with sleep was ranked highest in the female predominant nominal group (a nominal group with five women and one man), compared with no rank, rank #2 and #5 in the three male-only nominal groups.
Discussion
To my knowledge, this is the first qualitative study to focus on the impact of gout on sleep. Sleep disturbances have been reported in other chronic inflammatory arthritis conditions such as RA [2, 3] . This study included a reasonable number of African-Americans and women with gout, and both these groups are under-represented populations in studies of gout. This study elicited patient responses of gout-related sleep interruptions that were categorized into the character, the causes or the consequences of sleep interruption due to gout, either directly related to gout flares or chronic gout pain or indirectly, via other pathways. Several interesting observations merit further discussion. First, all nine nominal groups reported the severe and complete disruption of sleep by acute gout flares. Although this finding may be intuitive to clinicians caring for patients with gout, the identification of the extent of suffering and the recognition of the different aspects of gout flare that interfered with sleep is a novel contribution of this study. Acute gout flares frequently occurred during the night and woke patients up with severe joint pain, prevented them from enjoying normal sleep quantity and quality during the gout flare(s) for several days, which some recognized as the worst pain of their lives. Patients complained about difficulties in both falling asleep and staying asleep. The need to keep any pressure, touch or ever air movement away from the affected joint to avoid worsening of the pain made normal sleep impossible for most patients. Occurrence of severe pain on movement of the joint indicated to patients that any sleep was distant dream until the gout flare resolved. Many had to spend night after night in a recliner to get even a little sleep. One patient called gout a 'very selfish illness, takes all your attention', highlighting the associated sleep deprivation due to severe pain.
The global effect of acute gout flares on the quantity and the quality of sleep was evident from this study. A previous study suggested sleep problems as one of the areas of QoL impact of gout [7] , which led to the current study to investigate whether and how gout contributes to sleep disturbances. Gout is associated with a reduction in patients' QoL [2730] , which is worse in AfricanAmericans compared with Caucasians [31] , who also bear disproportionate burden of gout [1, 31] and have lower ULT treatment rates and ULT adherence [32, 33] .
Appropriate treatment can improve QoL [34, 35] . This was one of the reasons that African-Americans and women were oversampled in this study. Interestingly, sleep disturbances are amenable to disease-modifying agents that target cytokines in other (similar) inflammatory conditions such as RA [36] . It remains to be seen whether long-term ULT, which can suppress inflammation, is associated with improvement in sleep in gout. This study also indicates that a discussion of sleep problems during regular clinical gout care visit may allow providers to gain insight and improve disease management in a meaningful way, given that gout can affect sleep in a variety of ways.
Another interesting finding was the effect of gout on REM or deep sleep. This finding is very interesting considering that a preclinical study in a mouse-model of acute gouty arthritis showed disruption of REM sleep and more wakefulness [6] . To my knowledge, no clinical studies have reported this finding in patients with gout; therefore, this may be another novel contribution of this study. Future studies need to investigate this in more detail. Patients reported lack of REM sleep during periods of gout flare. This may be related to the effect of severe pain on sleep architecture, or a direct effect of severe inflammation on the sleep centre, affecting the REM sleep.
Patients recognized the effect of chronic gout pain on sleep, above and beyond the severe pain due to acute gout flare. Patients also reported a chronic moderate joint pain related to gout (pain severity of 46 on a 010 scale), which was not nearly as severe as that associated with gout flare, yet painful enough to disturb their sleep and wake them up. Gout is associated with metabolic syndrome [37] , which in turn may lead to sleep apnoea and associated sleep disruption. Three of the nine nominal groups ranked this aspect of gout among their prioritized responses. Considering the mean disease duration of gout of 15 years in this study cohort, it is not surprising that some patients had chronic inflammatory joint pain interfering with sleep, and not just acute flare pain associated sleep disruption.
This finding now gives another symptom (sleep quality and quantity) to the clinicians providing care to patients with gout that they should enquire about, monitor and optimize at most visits of patients with gout, since symptom management is heavily emphasized and recommended in the recent gout treatment guideline published by the American College of Physicians [38] . Thus, clinicians targeting symptom control in patients with gout in adherence to the American College of Physicians guideline need to record and optimally manage several symptoms as goals of gout therapy, including joint pain, joint swelling, the number and severity of gout flares, QoL, worker productivity, and sleep quantity and quality, which is at least partially due to uncontrolled chronic inflammation due to gout.
Several effects of gout on sleep were direct (severe pain from gout flares, joint swelling, chronic inflammatory joint pain, etc.), but patients also reported indirect effects via medical comorbidities (worsening of hypertension or sleep apnoea), psychiatric burden (anxiety and depression associated with flares) or related to gout medication-associated adverse events. This finding suggests that beneficial interventions in gout may target acute flares as the predominant pathway for sleep disruption, but also other indirect pathways and mechanisms.
These findings should serve as a stark reminder to all clinicians that gout is not just an intermittent arthritis. Its impact on patients' QoL is significant [7] . This study adds to the growing evidence that uncontrolled chronic joint inflammation has significant systemic effects, including those on sleep quality, quantity and architecture. Clinicians should pay close attention to these gout-related symptoms (sleep disorders), due to both gout flares and chronic gout. Quality gaps in gout care are widely prevalent [39] , and studies such as these should serve as a reminder that the quality of gout care needs improvement. Additionally, no meaningful differences were found in the effect of gout on sleep by gender, but this needs further study in a more systematic fashion.
These findings must be interpreted considering the study's strengths and limitations. A potential limitation was that Caucasian women with gout were few, which mirrors the epidemiology of gout in the USA [1] . Nominal groups were not stratified by race/ethnicity, and therefore it was not possible to assess whether the effect of gout on sleep varied by race/ethnicity. Future studies should examine this question, since previous studies have shown that the impact of gout on QoL may be greater in African-Americans compared with Caucasians [7, 31] . This study included a community clinic-based sample, focused on a single question and included of a large number of African-Americans and women with gout, the key study strengths. Due to the under-representation of African-Americans and women in previous qualitative studies of gout, these groups were oversampled in this study. The mean gout disease duration was 15 years, and most demographic characteristics are similar to other gout cohorts, that is, middle-aged and elderly, predominantly male population. Therefore, these findings should be generalizable to most patients with gout.
Conclusions
In conclusion, this formative research focused on the impact of gout on sleep. A significant impact of gout on sleep related to gout flares was evident. An additional impact of gout flares on anxiety/depression, sleep apnoea management and worsening of comorbidities leading to more sleep disturbances with gout was also identified. Future studies need to examine the underlying mechanisms of sleep disturbances related to acute and chronic joint inflammation, above and beyond those mediated by acute gout flare pain, as well as the direct and the indirect effects of gout on sleep.
